Economic evidence on the cost and benefits of sanitation and drinking-water supply supports higher allocation of resources and selection of efficient and affordable interventions. The study aim is to estimate global and regional costs and benefits of sanitation and drinking-water supply interventions to meet the Millennium Development Goal (MDG) target in 2015, as well as to attain universal coverage.
INTRODUCTION
Globally, large numbers of people remain without access to basic levels of drinking-water supply and sanitation (WSS). Even if the world were to meet the MDG target for both WSS, 25% of the world's population -1.8 billion -would remain without access to improved sanitation in 2015 ( Joint Monitoring Programme ). If current trends in sanitation continue, this figure will be closer to 2.4 billion. At current rates of progress in access to drinking-water supply, 8% (605 million) of the world's population will still be using unimproved sources of drinking-water in 2015.
The remaining unserved populations are generally the poorer and marginalized members of society, and thus are harder to reach with services. Equity in achieving the MDG targets is important, not only because the poorest households are least able to invest in their own facilities, but also because they have the most to gain due to their heightened vulnerability to adverse health outcomes.
Hence, there are rising expectations for universal access to safe drinking-water and basic sanitation to be adopted as a global development goal, leveraging additional efforts and resources that are targeted to ensure the poorest and most vulnerable are reached.
In order to address these remaining challenges, further evidence is needed to support a higher allocation of resources to WSS by decision makers and to select the most efficient interventions. Economic evidence is recognized as key for the achievement of the drinking-water and sanitation goals. Evidence helps justify increasing investment and expenditure. Evidence also supports the selection of efficient WSS options by explicitly comparing costs and benefits of a range of alternative WSS technologies and service delivery approaches. Previously, economic studies were published evaluating the global costs and benefits of 
METHODS
The study aim is to estimate global and regional costs and benefits of sanitation and drinking-water supply interventions to meet the MDG target in 2015, as well as to attain universal coverage. These economic data will provide further evidence to support investment in WSS systems and services, with a focus on services that are both socially efficient and financially sustainable. The results will help donors and governments of low-and middle-income countries to justify allocation of adequate budgets for improved WSS systems and services.
The entire analysis presented in this paper is based on households moving from unimproved to improved technol- In meeting the MDG target in every country, the total population benefiting from improved services is 985 million people for sanitation and 215 million people for drinkingwater supply. A further 1.89 billion must be covered to reach universal sanitation coverage, and a further 900 million for universal drinking-water access. Rural and urban settings are considered separately, as reported by the JMP. If a country has surpassed its MDG target for urban sanitation but is off-track to meet the target applied to rural areas, the excess urban coverage does not balance out the rural deficit. The effect is that costs of meeting MDG targets are higher for some countries than would be the case if progress were assessed based on aggregate statistics for rural and urban areas combined. This approach ensures greater equity between rural and urban residents. Once all these values in Table 1 are aggregated, they reflect total societal benefit (also termed 'welfare' or 'utility'). Economic values do not reflect the direct financial impact such as the cash impact on the household (e.g. coping costs), on the private sector (e.g. worker productivity), or on the budget of a line ministry (e.g. health care savings). As a purely financial analysis will undervalue water and sanitation services (e.g. excluding mortality impact), the purpose of this study is to better reflect the overall costs and benefits to society -thus informing overall debates on the 'right' level of coverage and resource allocation, and the 'right' technologies.
Over recent decades, compelling evidence has been gathered that significant and beneficial health impacts are associated with improvements in access to safe drinkingwater and basic sanitation facilities (Waddington et al. ) . The routes of pathogens to affect health via the medium of water are many and diverse. Five different routes of infection for water-related diseases are Benefits not included in study
Other health
• Dehydration from not drinking due to poor latrine access (especially women)
• Less flood-related health impacts
• Dehydration from lack of access to water • Less flood-related health impacts (better water management)
Nutrients
• Use of human faeces or sludge as soil conditioner and fertilizer in agriculture
Energy
• Use of human (and animal) waste as input to biogas digester leading to fuel cost savings and income opportunities Education
• Improved educational levels due to higher school enrolment and attendance rates
• Impact on education of childhood malnutrition
• Impact of childhood malnutrition on education • Productive uses of re-used urine and excreta
• Increased incomes due to more tourism income and business opportunities
• Productive uses of improved water supply a These include malaria and acute lower respiratory infection for morbidity impact; and for mortality impact: malaria, acute lower respiratory infection, measles and perinatal outcomes. In terms of burden of disease, waterborne and waterwashed diseases consist mainly of infectious diarrhoea.
Infectious diarrhoea includes cholera, salmonellosis, shigellosis, amoebiasis, and other protozoal and viral intestinal infections. These are transmitted by water, person-toperson contact, animal-to-human contact, and foodborne, droplet and aerosol routes. As infectious diarrhoea causes the main global burden of disease resulting from poor access to WSS, and as there are data for all regions on its incidence rates and deaths, this analysis estimates the reduction in diarrhoea incidence rates and premature mortality from diarrhoea. In addition, given that environmental risk factors are estimated to account for 50% of undernutrition in the developing world (Fishman et al.
), diseases with higher incidence or case fatality due to malnutrition are included using a method previously applied in countries in Southeast Asia (Hutton et al. ) .
In this approach, a proportion of cases of respiratory infection and malaria in children 0-5 years old are attributed to poor WSS, based on very severe and moderately severe malnutrition rates in the same age group and determined by region-specific attribution factors estimated by Fishman (Fishman et al. ) . For mortality, the case fatality of respiratory infection, malaria, measles and other infections is affected.
Economic benefits related to health impacts of improved WSS services include three main ones: One-way sensitivity analysis was performed on five key variables determining the cost-benefit values:
1. The value for averted premature deaths: high value is obtained from value-of-statistical life (VSL) method; low value is half the baseline value of the human capital approach. The VSL method compares the risks that people are voluntarily willing to take and how much they must be paid for taking them; this method produces a value that is often significantly more than the human capital approach.
2. Opportunity cost of time: high value is 100% of the hourly value of GDP per capita for adults and 50% for children; low value is 15% of GDP per capita for adults and zero for children.
3. Gains in time (minutes) for improved WSS services: the high value is double the baseline value; the low value is half the baseline value.
4. Unit costs of WSS services, covering investment and recurrent costs: rising high and low values from the literature review.
5. Discount rate on future costs and benefits: baseline (8%); high value is 12%; low value is 3%.
RESULTS
Benefit-cost ratios (BCRs) for attaining universal access to sanitation are shown in Table 2 Table 2 are access time savings (81%), followed by health care (8%), mortality (6%) and health-related productivity (5%). For drinking-water, the access time savings contribute slightly lower at 71% of the total benefits, followed by health care at 12% (Table 3) . Inter-regional differences exist, with a higher contribution of health sav- on what these values might be. However, it is likely that public funding requirements to maintain those already with coverage may exceed the sums needed to provide services to unserved households to meet the MDG target.
One-way sensitivity analysis illustrates the sensitivity of the base-case results to key areas of uncertainty. Figure 2 presents a summary of the results of the one-way sensitivity analysis conducted on the global BCRs for sanitation and drinking-water.
The sensitivity analysis shows that the results are most sensitive for the approach chosen to value time. When time is valued at 100% of the GDP per capita instead of 30%, the global BCR increases to 16.6 for sanitation and to 5.5 for drinking-water supply. This variable is important because a large proportion (71-81% globally) of the quantified economic benefits are the opportunity costs of time spent to access WSS services. The BCR results are also sensitive to the unit costs of WSS services, with BCRs varying between 4.8 and 10.9 for sanitation and between 1.6 and 4.1 for drinking-water supply. The value of life has a smaller impact on BCRs, with BCRs varying from 5.4 to 6.6 for sanitation and from 1.9 to 2.7 for drinking-water supply.
Variations in the discount rate for future costs and benefits from 3 to 12% had an even smaller impact. In no cases does the uncertainty in a single parameter lead to a BCR of below 1, at which point the intervention would fall below the return to make it economically viable. However, given the benefits omitted, it is unlikely -even under pessimistic values for several parameters simultaneously -that the interventions would become economically unviable.
DISCUSSION
This study provides new estimates of the costs and economic returns on basic sanitation and drinking-water supply interventions. The economic returns of sanitation and drinkingwater supply are more conservative than those observed in previous global economic studies (Hutton et al. ) . Globally, the BCR for drinking-water supply has declined from 4.4 in a previous study to 2.0 in this study, and from 9.1 to 5.5 for sanitation. This has occurred chiefly because of the higher investment cost estimates in this new study, and the more complete inclusion of operation and maintenance costs; in addition, the assumption for the economic value of time -at 30% of the GDP per capita -is more conservative than that used in previous analyses which valued time at 100% of the hourly GDP per capita for adults (Hutton et al. ) . Therefore, these new values -2.0 for water supply and 5.5 for sanitation -are based on more conservative estimates of some model parameters, and are hence more and environmental benefits of averted pollution due to improved sanitation and wastewater management.
CONCLUSIONS
Improved sanitation and drinking-water supply deliver significant economic returns to society, especially sanitation.
The major impacts include not only the economic value of access time and health savings which were quantified in this study, but also other social, environmental and broader economic impacts that will accrue to society from improved sanitation and drinking-water supply services. Economic evidence can feed into advocacy efforts to raise funding from governments and households, and, once the private sector is convinced these players are ready to invest, the diverse funding sources and innovative capacity of the private sector can be unleashed. Effective programme designs are needed to implement affordable sanitation and drinkingwater supply interventions, and ensure sustained financing and household use, in order to capture the major benefits that accrue from these services. Further national studies are needed to validate findings of this global study and convince decision makers of the considerable economic returns of sanitation and drinking-water supply services.
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